Purpose: This study was designed to evaluate the visual and anatomical out co mes after cataract surgery in diabetic patients with different intraoperative therapeutic strategies.
INTRODUCTION
Diabetic retinopathy (DR) represents a leading cause of moderate and severe vision loss within the working-age population in developed countries (1) . Advanced proliferative DR complicated by vitreous hemorrhage or tractional retinal detachment is responsible for most microaneurysm formation, and capillary closure (3, 4) . Hypoxia has been linked to retinal neovascularization but has also been associated with DME (3) . Focal or grid macular laser photocoagulation (MLP) were previously the mainstay of treatment for DME, but the advent of intravitreal inhibitors of the vascular endothelial growth factor (VEGF) has recently changed the therapeutic strategies for DME. Several studies have demonstrated significantly better visual outcomes with in travitreal injections of ranibizumab alone or in combination with MLP (3) (4) (5) (6) . Intravitreal injections of corticosteroids (triamcinolone and dexamethasone implant) have also achieved positive functional and anatomical results in the treatment of DME; however, local safety issues, such as cataract progression or intraocular pressure increase, must be considered for this treatment (5, 7) . Visual outcomes following cataract surgery in diabetic patients have been correlated with the presence of DME and the severity of DR at the time of the surgery. It is controversial whether phacoemulsification may trigger the progression of DR and DME compared with the natural history of the disease (8) (9) . The purpose of the present study was to evaluate the functional and anatomical outcomes after cataract surgery in diabetic patients managed with different therapeutic approaches.
METHODS
This retrospective, multicentric, interventional study was conducted at 6 different centers in Argentina, Brazil, Costa Rica, Puerto Rico, Spain and Venezuela between December 2009 and December 2012. The clinical charts of all diabetic patients who underwent cataract surgery were retrospectively reviewed after obtaining institutional review board approval.
The inclusion criteria were patients over 18 years old diagnosed with diabetes mellitus who had undergone uncomplicated phacoemulsification with intraocular lens implantation and had at least 6 months of follow-up after phacoemulsification and intraocular lens implantation. Patients were excluded if there was evidence of any retinal disease other than diabetic retinopathy. Patients showing su bretinal fibrosis or fibrous metaplasia of the retinal pigment epithelium, or vitreo-macular traction that may limit the visual function, were also excluded.
Patients were classified into 3 groups depending on the use of co-adjutant medications during cataract surgery. The decisions about whether to administer any co-adjuvant therapy, and the choice of the drug if administered, were left to the discretion of the treating surgeon. Patients in Group 1 did not receive any co-adjuvant therapy; patients in Group 2 received an intraoperative intravitreal injection of bevacizumab (1.25 mg/0.05 ml); and patients in Group 3 received an intravitreal injection of triamcinolone (4 mg/0.1 ml) intraoperatively.
Best-corrected visual acuity (BCVA) measured by Early Treatment Diabetic Retinopathy Study (ETDRS) charts expressed in a logarithm of minimum angle of resolution (logMAR) and central subfield thickness (CST) automatically measured by optical coherence tomography (OCT) were collected at baseline and 1-, 2-, 3-and 6-months follow-up visits. The types of OCT used were Cirrus HD-OCT (Carl Zeiss, Dublin, CA, USA) and Spectralis OCT (Heidelberg Engineering, Hei delberg, Germany). In all cases, a quality of the OCT scans of at least 7/10 was required, and all the images were reviewed in order to avoid any misalignment. The presence of DME was defined as the evidence of retinal thickening in the OCT images, and it was classified as cystoid, diffuse macular thickening (DMT) or neurosensory detachment. A fluorescein angiography was performed and analyzed at baseline to assess the presence of focal or diffuse macular edema and to rule out the presence of macular ischemia.
The data were collected in a Microsoft Office Excel 2007 spreadsheet (Microsoft Corporation, Unterschleissheim, Germany) and statistically analyzed by SPSS Software version 21.0 (SPSS Inc, Chicago, IL, USA).
RESULTS

Baseline characteristics
The clinical charts of 138 eyes of 138 patients (72 male, 66 female) were reviewed. The mean age was 66.8 years (standard deviation [SD ± ] 8.59; range: 38-96). We found coexistence of systemic arterial hypertension in 21 patients (14.2%), a prior history of stroke in 6 patients (4%) and myocardial infarction in 10 patients (6.8%). The mean time since the initial diagnosis of diabetes had been established was 16.4 years (SD ± 8.32; range: 38-96). Fifty-two patients (35.1%) were receiving treatment with insulin, 45 patients (30.4%) with oral hypoglycemic agents, 34 patients (23%) used insulin in combination with oral hypoglycemic agents and 7 patients (4.7%) were controlled only with diet.
The baseline retinal status was normal in 26 patients (18.8%); mild non-proliferative diabetic retinopathy (NPDR) was found in 24 patients (17.4%); moderate NPDR in 18 patients (13%); and severe NPDR in 21 patients (15.2%). On the other hand, inactive proliferative diabetic retinopathy (PDR) without laser therapy treated with anti-VEGF therapy (10) was present in 18 patients (13%); inactive PDR treated with laser was present in 10 patients (7.2%); 5 patients (3.6%) presented with active PDR without previous laser therapy and 16 patients (11.6%) presented with active PDR with laser treatment. Pre vious treatments received by the 138 patients included in the study were intravitreal bevacizumab (46 patients, 33.3%), with a mean number of 3.1 injections (range: 1-13); intravitreal triamcinolone injections (21 patients, 15.2%); MLP (48 patients, 34.8%); and 9 patients (6.5%) had previous pars plana vitrectomy (PPV) with internal limiting membrane peeling (6 patients, 4.3%) or without it (3 patients, 2.2%). The baseline characteristics by groups are summarized in table 1.
Overall we found a statistically significant and positive correlation between the final BCVA with the baseline BCVA (p<0.001, r=0.33). In addition, we report a statistically significant but negative correlation between the final BCVA and the duration of diabetes (p=0.002, r=-0.31), level of hemoglobin A1c (HbA1c) (p=0,044; r=-0.18), grade of diabetic retinopathy at baseline examination (p<0.001, r=-0.44) and prior treatment with triamcinolone (p=0.001, r=-0.19) or anti-VEGF drugs (p=0.027, r=-0.28). Final CST in the OCT was significantly and positively correlated with baseline CST (p<0.001, r=0.39), history of myocardial infarction (p=0.018, r=0.20), level of HbA1c (p=0,042, r=0.19), prior treatment with triamcinolone (p=0.003; r=0.43) and prior treatment with anti-VEGF drugs (p<0.001, r=0.25) or MLP (p=0.04, r=0.17).
No co-adjuvant intraoperative treatment was administered to 42 patients (Group 1). Fifty-nine patients were treated with intravitreal bevacizumab intraoperative (Group 2), and 37 patients were injected intraoperatively with triamcinolone (Group 3).
Group 1: Without co-adjuvant therapy
Forty-two cases were included in this group. At baseline, 3 patients (7.1%) showed DMT, but no signs of cystoid DME or neurosensory detachment were found in the other 39 patients (92.9%). The FA images showed focal edema in two patients (4.7%) and diffuse edema in one patient (2.4%). No signs of retinal or macular ischemia were reported in these patients. The retinal status was normal in 23 patients (54.8%); mild NPDR was found in 6 patients (14.3%); moderate NPDR in 3 patients (7.1%); severe NPDR in two patients (4.8%); and PDR was present in 8 patients (19%).
The mean logMAR BCVA improved significantly from 0.82 (SD ± 0.43, median: 0.75) at baseline, to 0.20 (SD ± 0.26, median: 0.10) at 1-month of follow-up (p<0.001); and maintained the significant visual gain compared with baseline at 2 months of follow-up (mean: 0.16, SD ± 0.25, median: 0.05; p<0.001), and at 3 months of follow-up (Mean: 0.14, SD ± 0.23, median: 0.0; p<0.001). At 6 months of follow-up, the mean BCVA was 0.14 (SD ± 0.23, median: 0.0), still showing statistically significant differences from baseline (p<0.001).
The mean CST significantly increased from 263.57 microns (SD ± 35.7, median: 275 microns) at baseline to 276.9 microns (SD ± 52.9, median: 280) at 1 month of follow-up (p=0.049); and it remained stable compared with baseline at 2 months of follow-up (mean: 275.1 microns, SD ± 39.3, median: 279; p=0.157) and at 3 months of follow-up (mean: 275.4 microns, SD ± 35.6, median: 280; p=0.064). At 6 months of follow-up, the mean CST remained stable in 274.57 microns (SD ± 48.7, median: 277 microns) without significant differences from ba seline data (p=0.088).
The time to the first postoperative treatment indicated for DME since cataract surgery was 106.7 days (SD ± 70.6, median: 120). Eleven patients (26.2%) received intravitreal bevacizumab, two patients (3.8%) received intravitreal triamcinolone, 3 patients (7.1%) received MLP, in 1 patient (2.3) a YAG capsulotomy was performed, and 11 pa tients (26.2%) did not receive any further treatment during the follow-up.
Group 2: co-adjuvant therapy With intraoperative BevacizumaB
At baseline, 35 patients (59.3%) showed DMT in the OCT images; 15 patients (25.4%) presented with cystic DME; and 6 patients (10.1%) showed neurosensory detachment. In the FA images, focal edema was present in 27 patients (45.8%) and diffuse in 25 patients (42.4%). Macular ischemia was observed in 5 patients (8.5%). No evidence of DME was found in two patients (3.4%). Retinal status was normal in 3 patients (5.1%); mild NPDR in 15 patients (25.4%); moderate NPDR in 10 patients (16.9%); severe NPDR in 10 patients (16.9%); and PDR in 11 patients (18.6%).
The mean logMAR BCVA improved significantly from 0.80 (SD ± 0.48, median: 0.70) at baseline to 0.54 (SD ± 0.42, median: 0.50) at 1 month of follow-up (p<0.001); and maintained the significant visual gain compared with baseline at 2 months of follow-up (mean: 0.52, SD ± 0.42, median: 0.50; p<0.001), and at 3 months of follow-up (mean: 0.49, SD ± 0.42, median: 0.40; p<0.001). At 6 months of follow-up, the mean BCVA was 0.54 (SD ± 0.45, median: 0.50), showing significant differences from baseline data (p<0.001).
The mean CST increased from 316.02 microns (SD ± 100.4, median: 309 microns) at baseline to 334.63 microns (SD ± 130.8, median: 279.5) at 1 month of follow-up (p=0.039); and remained stable when compared with baseline at 2 months of follow-up (mean: 334.36 microns, SD ± 174.1, median, 242; p=0.248), and at 3 months of follow-up (mean: 286.63 microns, SD ± 98.3, median: 248; p=0.852). At 6 months of follow-up, the mean CST remained stable in 339.56 microns (SD ± 145.3, median: 278 microns) (p=0.184) without significant differences from baseline data.
The time to the first postoperative treatment indicated for DME since cataract surgery was 150.6 days (SD ± 137.4, median: 160). Twenty-eight patients (42.4%) received intravitreal treatment with bevacizumab, 7 patients (11.9%) with triamcinolone, and 5 patients (8.5%) with dexamethasone implant (Ozurdex®). Two patients (3.4%) received MLP, and 24 patients (40.6%) did not receive any treatment during the follow-up.
Group 3: co-adjuvant therapy With intraoperative triamcinolone
At baseline 25 patients (67.6%) showed DMT in the OCT images; 5 patients (13.5%) cystoid DME; and two patients (5.4%) neurosensory detachment. In the FA images, DME corresponded with focal edema in 14 patients (37.8%) and diffuse edema in 13 patients (35.1%). Macular ischemia was observed in 5 patients (13.5%). No signs of DME were found in 5 patients (13.5%). No patient showed a normal retinal status at baseline; mild NPDR was found in 3 patients (8.1%); moderate NPDR in 5 patients (13.5%); severe NPDR in 9 patients (24.3%); and PDR in 20 patients (54.1%).
The mean logMAR BCVA improved significantly from 1.0 (SD ± 0.40, median: 1.0) at baseline to 0.48 (SD ± 0.37, median: 0.40) at 1 month of follow-up (p<0.001); and maintained the significant visual gain compared with baseline at 2 months of follow-up (mean: 0.45, SD ± 0.38, median: 0.35; p<0.001); and at 3 months of follow-up (mean: 0.42, SD ± 0.31, median: 0.40; p<0.001). At 6 months of follow-up, the mean BCVA was 0.46 (SD ± 0.34, median: 0.40), showing significant differences from baseline data (p<0.001).
The mean CST significantly decreased from 259.18 microns (SD ± 97.9; median, 239 microns) at baseline to 243.97 microns (SD ± 69.6; median, 236) at 1 month of follow-up (p=0.038); and remained stable when compared with preoperative data at 2 months of follow-up (mean: 251.42 microns, SD ± 63, median: 246; p=0.478) and at 3 months of follow-up (266.97 microns, SD ± 66.7, median: 253; p=0.340). At 6-month follow-up, the CST increased to 282.21 microns (SD ± 87.24, median: 257 microns) with significant differences from baseline (p=0.044).
The time to the first postoperative treatment indicated for DME since cataract surgery was 191.05 days (SD ± 118.4; median, 189). Four patients (10.8%) received intravitreal treatment with bevacizumab, 1 patient (2.7%) received intravitreal treatment with triamcinolone, 15 patients (40.5%) received macular laser therapy, two patients recei- 
interGroup comparison
There were no significant differences between the 3 groups in gender (p=0.911), age (p=0.433), and previous history of stroke (p=0.284) or myocardial infarction (p=0.395). However, there were statistically significant differences between the 3 groups regarding the presence of systemic arterial hypertension (p<0.001); systemic glycemic control therapy (p<0.001); duration of diabetes (p<0.001); level of HbA1c (p=0.004); baseline DR grading (p<0.001); the frequency of previous treatment with anti-VEGF (p<0.001), triamcinolone (p<0.001) and MLP (p<0.001); and prevalence of DME evaluated by OCT and FA (p<0.001). There were significant differences in the intergroup comparison in the number of untreated patients prior to the cataract removal between Group 2 and Groups 1 and 3 (p<0.001), but no significant difference was observed between Groups 1 and 3 (p=0.156) . Statistically significant differences in the baseline BCVA between the 3 groups were evidenced (p=0.008). These significant differences were also present in the final BCVA outcomes (p<0.001). The mean visual gain was 0.68 (SD ± 0.41; median: 0.60) in Group 1; 0.26 (SD ± 0.46; median: 0.10) in Group 2; and 0.51 (SD ± 0.43; median: 0.50) in Group 3. We found significant differences in the intergroup comparison between the 3 groups (p<0.001), and between Group 2 and Groups 1 and 3 (p<0.001 and p=0.009 respectively), but no significant differences were observed between Groups 1 and 3 (p=0.79).
There were also statistically significant differences in the baseline CST between the 3 groups (p=0.001), which were also present in the final CST (p=0.005).
Finally there were no significant differences in the time when the physicians indicated the first treatment for DME after cataract surgery between the 3 groups (p=0.121).
No ocular adverse event or significant ocular inflammatory reaction was reported in any of the 3 groups. Functional and anatomical results are summarized in table 2.
DISCUSSION
The presence of postoperative macular edema after cataract surgery in diabetic patients may be related to the cataract surgery itself (so called pseudophakic cystoid macular edema, PCME) or to the underlying diabetic condition. The differentiation between both types is challenging. Whereas PCME tends to resolve spontaneously, DME frequently persists or increases following surgery (9, 11) . The incidence of clinical significant PCME after uncomplicated cataract surgery in the healthy population has been reported to be 0.1-2% of cases (12, 13) , whereas in diabetic patients the incidence of macular thickening after cataract surgery may rise to 10-81% (8, 9, 12, 14) . Factors reported to be associated with an increased risk for developing macular thickening after uneventful phacoemulsification in diabetic patients are DR stage, presence of DME, history of previous treatments, level of HbA1c and duration of diabetes of more than 10 years (8) . Our results are consistent with these data, as we found a significant correlation between all those characteristics and both the final BCVA and CST.
Prophylaxis of macular thickening following cataract extraction in diabetic patients is a controversial issue. Intravitreal anti-VEGF (bevacizumab or ranibizumab) (15) (16) (17) (18) (19) (20) and intravitreal steroids (triamcinolone acetonide or dexamethasone implant) (20) (21) (22) have been reported to achieve positive anatomical and functional results when injected immediately after the surgical procedure. More recently, the efficacy of topical non-steroidal anti-inflammatory drugs has also been reported (23) . In the present study, we found a significant postoperative retinal thickness decrease in the group treated with 4 mg/0.1 ml of intraoperative triamcinolone, but during the follow-up these patients showed a significant increase in CST. On the other hand, the group with no co-adjuvant treatment and that with co-adjuvant therapy with 1.25 mg/0.05 ml of bevacizumab showed a significant increase in the CST during the follow-up. We hypothesize that intravitreal triamcinolone administration may play a positive role in controlling the acute inflammatory factors that are released following cataract removal. The increase in the CST in the group of patients injected intraoperatively with bevacizumab is consistent with the results achieved by Rauen et al. (17) , who did not find a positive anatomical response with intraoperative ranibizumab, in contrast to other similar studies (15) (16) (17) (18) (19) . These results may be related to the high percentage of patients (84.7%) previously treated for DME in this group, as it is known that the presence of DME before the cataract removal is a risk factor for developing macular thickening with this surgical procedure. Nevertheless, we found dissociation between anatomical and functional outcomes, as we found significant BCVA improvement after cataract extraction in all the study groups.
The results of the present study may suggest that patients with lower DR severity and absence of preoperative DME achieve the better visual outcomes. These results are consistent with previous reports (8, 9) . On the other hand, patients with a higher grade of DR and previously treated DME showed less visual gain but the increase in BCVA was still statistically significant. We hypothesize that due to the baseline differences between groups, patients without co-adjuvant treatment or treated intraoperatively with triamcinolone achieved significant higher visual gain. Finally, all the patients included in the present study significantly improved BCVA, thus the cataract surgery may be a relevant approach to be considered in such cases.
The patients with DME at baseline and previous history of different treatments for DME were preferably injected intraoperatively with bevacizumab by the responsible physician, whereas patients with previously untreated DME were preferably treated with intraoperative triamcinolone. Otherwise, in patients with no DME at ba seline and no previous treatments the physicians preferred not to provide any co-adjuvant therapy. We cannot offer an accurate intergroup comparison, but we did identify these preferred practice patterns depending on the presence of previous DME and treatment administration before cataract extraction.
CONCLUSION
The limitations of the present study include its uncontrolled, retrospective and non-randomized nature. This has led to important differences in epidemiological and clinical factors between the different groups. The differences the presence of systemic arterial hypertension, systemic glycemic control therapy, duration of diabetes and level of HbA1c at baseline may influence our results. However, our results are consistent with previous reports showing that DR grading and the presence of DME before cataract extraction may be related to a higher rate of DME after phacoemulsification. The relatively short-term follow-up is another limiting factor of the present study. Further prospective, randomized studies are warranted in order to analyze the efficacy of the different approaches.
In summary, our results suggest that cataract surgery in diabetic patients is an efficient procedure, resulting in highly significant BCVA improvement. This study may provide evidence to support the use of intravitreal triamcinolone or bevacizumab at the time of cataract surgery in cases with preexistent DME or moderate-severe NPDR. We can conclude that the visual outcomes after cataract surgery in diabetic patients may depend on the previous DR stage and the presence of DME, and the use of intravitreal co-adjuvants as triamcinolone or bevacizumab may optimize functional outcomes in these cases.
